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Abstract. This paper seeks the stability of concrete or rockfill dams located on Someşul Cald river 
through geodetic and topographic measurements. Tracking the dam stability is achieved in terms of 
planimetry and altimetry. . For the planimetry tracking can be used micro-triangulation method, 
trilateration method or combined methods. In terms of altimetry can be used the geometric geodetic 
leveling method. For the case study was chosen Tarniţa dam which was monitored in terms of 
planimetry and altimetry. In determining the azimuth and zenith observations we used a precision total 
station (2cc), and to make the altimetry observations we used a high precision digital level and 
measuring staff with bar code. Processing of geodetic observations was achieved by conditional 
measurement method. 
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INTRODUCTION   
 
Monitoring the behavior of dams is achieved by interpreting data from determining 
the parameters of displacement and deformation of dam-foundation structure under the 
environment action and the visual inspection of the dam. Complete monitoring system as 
sophisticated and complete as it can be, can not replace a direct visual inspection, capturing 
local deformations, cracks, concentrated infiltrations, wet spots, etc. 
The main environmental parameters that influence the dam-foundation structural 
stability are: the lake water level, temperature, water temperature in the lake at various depths, 
solar radiation, earthquakes. 
Monitor physical parameters describing the dam-foundation system response to 
environmental action differ depending on the type of dam (Popovici, 2010). 
In the case of concrete dams can be mentioned: absolute displacements of the dam 
and foundation, relative movement between plots, developments in the dam body 
temperature, strain state and efforts of the dam and foundation, state failure, interstitial 
pressure and negative pressure, flow rates of infiltration etc. 
In the case of filling dams, the main response parameters monitored are: movements 
and settlements especially of the dam-foundation system during construction and operation, 
water infiltrations in the dam, pore water pressure in the sealed earth elements, effective and 
total efforts. infiltration by slopes, the infiltration curve position in the slopes, slope 
movements, the state of deformation and efforts in the concrete works associated to the dam 
(surface discharges, bottom emptying etc.). 
Monitoring system design must consider the dam-foundation structure as a unitary 
system but equipment must record the behavior of each subsystem separately. 
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Geodetic monitoring network must cover a large area and allow long-term 
observations of the dam deformations and of adjacent areas as the control of reference points 
possible movements with other measuring instruments. 
Precision measurements can not be achieved only at long intervals, requires the 
provision of limited measurements for rapid evaluation of deformation. All data and guidance 
on the measurement and evaluation methods must be included in a database. 
Systematic monitoring and visual inspections are the best protection against incidents 
or disposals. Primary information provided by the measuring and control equipment must be 
sent immediately to the persons responsible for dam safety, in order to take the necessary 
measures for avoiding the dam failure. 
The most common causes of dam disposals of fillings (rocks) are in order: release of 
water over the dam, with the main cause underestimation of flood calculation, internal erosion 
and structural instability mainly due to seismic action. 
In concrete dams, the main causes of disposals were excessive efforts or the 
instability of the dam foundation and shoulders. 
Measuring and control devices used to determine the parameters of displacement and 
deformation of dam-foundation structure under the action of the environment, at Tarniţa dam, 
are presented in Tab.1. 
Tab. 1  
Current state of AMC at Tarniţa dam 
 
No. 
Crt. 
Type of 
equipment 
Followed parameter Provenance 
No. devices (pcs.) 
Designed Mounted 
in function 
pcs. % 
1 Teleformetre Concrete strain 
import 
Huggenberger 
60 62 51 82.2 
2 Telepresmetre 
Pressure(foundation, 
concrete) 
import 
Huggenberger 
26 26 11 42.3 
3 Teletermetre 
Concrete 
temperatures indigen 
75 71 63 88.7 
4 Rocmetre 
Rock, banks 
deformation 
import 
Huggenberger 
6 6 6 100.0 
5 
Topographic 
pilasters (slopes) 
Horizontal 
displacements development 
6 6 6 100.0 
6 Sighting marks 
Horizontal 
displacements development 
30 25 22 88.0 
7 
Deformetric 
bolts 
Relative 
displacements to point 
import 
Huggenberger 
30 43 40 93.0 
8 
Direct 
Pendulum (dam) 
Sections horizontal 
displacements 
import 
Huggenberger 
3 3 3 100.0 
9 
Inverted 
pendulum 
(Foundation) 
Dam horizontal 
displacements 
import 
Huggenberger 
3 4 4 100.0 
 
MATERIALS AND METHODS 
 
The geodetic and topographic measurements necessary to determine the stability 
parameters of dam-foundation structure were carried out at dam Tarniţa. 
Tarniţa Dam (Fig. 1) is a concrete arch dam, fragmented into 20 plots, with double 
curvature, with height of 97 m, the absolute height of the foundation is 428.00 mdM and 
525.00 mdM for the canopy. Canopy length is 237.5 m with an average radius of 137.5 m. 
Due to the favorable morphological conditions, the dam is very slender, with the canopy 
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thickness of 4 m and thickness to the foundation (base), in connection with hydroelectric 
power, 11 m. 
 
 
Fig.1 View of the dam and lake Tarniţa 
 
Tracking geodetic network of the construction was designed with the design 
provisions of the years 1970-1980, the project is relatively good and appropriate materialized. 
Pilasters on which are installed alternatively the theodolites and prisms related to the 
micro-triangulation network, were built downstream of the dam, in a relatively stable 
geological area, near the dam. Pillars are cone type with Wild centering devices manufactured 
and installed correctly (Fig. 2.). 
 
 
 
Fig.2 Tracking geodetic network pilaster (Vele Photo) 
 
Sighting marks (Fig. 3), metal, enamel, are suitable except those covered with 
concrete and other contaminants leaking from the dam or the broken. 
 
 
Fig.3 Sight mark located downstream parament (Vele Photo) 
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Micro-triangulation method used to track the horizontal displacements, is actually a 
relatively small triangle with sides of 100-300 m, but keeps the measurement precision of 
angles of higher-order triangulation. 
For the Tarniţa dam stability monitoring, azimuth and zenith observations were made 
with a geodetic order total station Leica TC 2003. 
A prerequisite for accurate determination of absolute displacements of the 
constructions is the stability of geodetic observation points (Ortelecan, 2005). 
Observation points change their position thanks to the land slip, pilasters compaction, 
striking points, etc. Precise determination of the observation stations displacements is 
necessary because the wrong determination of the construction can change the shape 
deformations of the construction. Construction displacements are generally very small, 
situated on the edge observation possibility. 
Displacement determination have to be very precise and for that cause we have to 
know how to eliminate the errors from moving of the stations and measurements. 
 
RESULTS AND DISCUSSIONS 
 
Checking the stability of tracking stations was done by conditional measurement 
method, considering as provisional values of the network coordinates, the ones determined 
from the zero measurement. 
By making the difference between tracking station coordinates obtained and the 
initial coordinates we obtain the movements of the pilasters I, III, V and VI to pillars II and 
IV which are considered stable. 
Tab. 2 
Relative movements of pilasters I, III, V, VI to pillars II and IV considered stable 
 
DISPLACEMENT OF THE TRACKING STATIONS 
Mark Displacement [m] [cm] [mm] 
II 
dx = 0.0000 0.0000 0.0000 
dy = 0.0000 0.0000 0.0000 
IV 
dx = 0.0000 0.0000 0.0000 
dy = 0.0000 0.0000 0.0000 
III 
dx = -0.0005 -0.055 -0.548 
dy = -0.0017 -0.167 -1.669 
V 
dx = -0.0072 -0.717 -7.175 
dy = 0.0033 0.326 3.257 
VI 
dx = -0.0089 -0.893 -8.927 
dy = 0.0037 0.372 3.716 
I 
dx = -0.0065 -0.650 -6.504 
dy = -0.0004 -0.039 -0.394 
 
Because the tracking stations movements do not exceed tolerances is considered that 
the pillars are stable. After  determining the stability of tracking stations the pillars are 
considered fix points (old) and it is moving on in determining the coordinates of the tracking 
marks. 
Planimetric position of the marks was determined by combined multiple intersection. 
Provisional coordinates of the new points were taken from the stage "zero" of determinations. 
The likely corrections of these coordinates are obtained from the correction equation system 
written for all measured directions. 
Tracking marks are located on the entire downstream parament, on rows (from top to 
bottom - marked with 4,3,2,1), at a height of 16 m between them. 
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Data were processed by indirect measurement method, resolved triangular matrix and 
the Gauss-Doolittle scheme. 
Tab. 3 
Tracking marks corrections on row 1 
 
TRACKING MARKS CORRECTIONS 
Mark No. Correction 
GAUSS MATRIX 
[cm] [mm] [cm] [mm] 
14 
dx = -2.918 -29.18 -2.919 -29.19 
dy = -0.011 -0.11 -0.010 -0.10 
15 
dx = -2.947 -29.47 -2.949 -29.49 
dy = -0.145 -1.45 -0.144 -1.44 
16 
dx = -0.755 -7.55 -0.756 -7.56 
dy = 0.023 0.23 0.024 0.24 
17 
dx = -0.706 -7.06 -0.723 -7.23 
dy = 0.045 0.45 0.045 0.45 
 
Tab. 4 
Determining errors of the tracking marks on row 1 
 
cm mm
m0 = 44.312
mdX8 1.560 15.60
mdY8 2.000 20.00
mdX9 0.688 6.88
mdY9 0.538 5.38
mdX10 0.449 4.49
mdX10 0.372 3.72
mdX11 0.574 5.74
mdY11 0.303 3.03  
Tab. 5 
Error ellipse parameters 
 
Pct. mdx mdy St a b θ
8 15.595 20.004 25.365 1.431 0.243 35.5775
9 6.885 5.378 8.736 0.157 0.072 42.1989
10 4.494 3.720 5.834 0.066 0.040 353.4447
11 5.742 3.030 6.493 0.084 0.044 3.5853  
Tab. 6 
Tracking marks corrections on row 2 
 
TRACKING MARKS CORRECTIONS 
Mark No. Correction 
GAUSS MATRIX 
[cm] [mm] [cm] [mm] 
8 
dx = -1.329 -13.29 -1.329 -13.29 
dy = -0.174 -1.74 -0.174 -1.74 
9 
dx = -2.841 -28.41 -2.841 -28.41 
dy = -0.582 -5.82 -0.582 -5.82 
10 
dx = -3.281 -32.81 -3.281 -32.81 
dy = -0.065 -0.65 -0.065 -0.65 
11 
dx = -0.959 -9.59 -0.959 -9.59 
dy = 0.165 1.65 0.165 1.65 
12 
dx = 0.136 1.36 0.136 1.36 
dy = -0.083 -0.83 -0.083 -0.83 
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Tab. 7 
Determining errors of the tracking marks on row 2 
 
cm mm
m0 = 46.500
mdX8 1.620 16.20
mdY8 2.592 25.92
mdX9 0.447 4.47
mdY9 0.363 3.63
mdX10 0.436 4.36
mdX10 0.379 3.79
mdX11 0.566 5.66
mdY11 0.268 2.68
mdX12 1.569 15.69
mdY12 3.618 36.18  
Tab. 8 
Error ellipse parameters 
 
Marcă mdx mdy St a b Θ
8 16.20 25.92 30.56 1.98 0.35 34.5067
9 4.47 3.63 5.76 0.06 0.04 27.9107
10 4.36 3.79 5.78 0.05 0.05 390.5607
11 5.66 2.68 6.26 0.08 0.04 25.4507
12 15.69 36.18 39.43 3.30 0.52 369.0478  
Tab. 9 
Tracking marks corrections on row 3 
 
TRACKING MARKS CORRECTIONS 
Mark No. Correction 
GAUSS MATRIX 
[cm] [mm] [cm] [mm] 
18 
dx = 0.129 1.29 0.129 1.29 
dy = -0.457 -4.57 -0.457 -4.57 
19 
dx = -0.074 -0.74 -0.074 -0.74 
dy = -0.710 -7.10 -0.710 -7.10 
20 
dx = -0.922 -9.22 -0.922 -9.22 
dy = -0.377 -3.77 -0.377 -3.77 
21 
dx = -1.100 -11.00 -1.100 -11.00 
dy = -0.258 -2.58 -0.258 -2.58 
22 
dx = 0.099 0.99 0.099 0.99 
dy = 0.200 2.00 0.200 2.00 
23 
dx = 0.713 7.13 0.713 7.13 
dy = 0.721 7.21 0.721 7.21 
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Tab. 10 
Determining errors of the tracking marks on row 3 
 
cm mm
m0 = 7.6048
mdX18 0.225 2.248
mdY18 0.492 4.921
mdX19 0.096 0.962
mdY19 0.086 0.856
mdX20 0.071 0.714
mdX20 0.059 0.591
mdX21 0.069 0.691
mdY21 0.062 0.618
mdX22 0.092 0.923
mdY22 0.043 0.434
mdX23 0.145 1.449
mdY23 0.098 0.977  
Tab. 11 
Error ellipse parameters 
 
Pct. mdx mdy St a b q
18 2.248 4.921 5.410 0.379 0.070 31.618
19 0.962 0.856 1.288 0.017 0.014 383.263
20 0.714 0.591 0.927 0.009 0.007 29.150
21 0.691 0.618 0.927 0.009 0.007 390.139
22 0.923 0.434 1.020 0.012 0.006 25.062
23 1.449 0.977 1.748 0.039 0.010 364.206  
Tab. 12 
Tracking marks corrections on row 4 
 
TRACKING MARKS CORRECTIONS 
Mark No. Correction 
GAUSS MATRIX 
[cm] [mm] [cm] [mm] 
24 
dx = 0.191 1.91 0.191 1.91 
dy = -1.340 -13.40 -1.340 -13.40 
25 
dx = -0.085 -0.85 -0.085 -0.85 
dy = -1.683 -16.83 -1.683 -16.83 
26 
dx = -0.085 -0.85 -0.085 -0.85 
dy = -1.058 -10.58 -1.058 -10.58 
27 
dx = -0.701 -7.01 -0.701 -7.01 
dy = -1.102 -11.02 -1.102 -11.02 
28 
dx = -3.456 -34.56 -3.456 -34.56 
dy = -0.220 -2.20 -0.220 -2.20 
29 
dx = -1.319 -13.19 -1.319 -13.19 
dy = 0.713 7.13 0.713 7.13 
30 
dx = 0.122 1.22 0.122 1.22 
dy = 0.358 3.58 0.358 3.58 
31 
dx = 0.858 8.58 0.858 8.58 
dy = 1.102 11.02 1.102 11.02 
32 
dx = 0.880 8.80 0.880 8.80 
dy = 0.532 5.32 0.532 5.32 
33 
dx = 0.946 9.46 0.946 9.46 
dy = 0.485 4.85 0.485 4.85 
34 
dx = 0.488 4.88 0.488 4.88 
dy = -0.556 -5.56 -0.556 -5.56 
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Tab. 13 
Determining errors of the tracking marks on row 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tab. 14 
Error ellipse parameters 
 
Marcă mdx mdy St a b q
24 3.007 6.641 7.290 0.491 0.093 31.518
25 1.364 1.063 1.729 0.022 0.017 388.556
26 1.201 0.585 1.336 0.015 0.007 367.739
27 0.922 0.829 1.240 0.012 0.009 29.912
28 0.892 0.862 1.240 0.011 0.010 389.551
29 1.088 0.719 1.304 0.014 0.008 47.673
30 1.231 0.586 1.364 0.016 0.007 28.996
31 1.350 0.788 1.564 0.020 0.011 350.190
32 1.513 0.697 1.666 0.024 0.011 381.999
33 1.815 1.796 2.553 0.054 0.029 352.402
34 2.652 10.209 10.548 1.033 0.165 377.941  
 
Following corrections sight marks, it appears that more than 28 marks moving 
journeys other marks, which is virtually impossible, given the construction of concrete dam. 
Considering the error ellipse for the mark 28, moving unacceptably high point 
coordinates was due prior to establishing the current phase shift. 
Corrections of the tracking marks represent their displacement to follow the basic 
measurement ("zero"). 
 
CONCLUSIONS 
 
Following corrections to the x axis is found that they are higher than corrections and 
y directions are due to water pressure in the lake. 
Largest horizontal displacements occur in the central area of the dam and the top of 
the dam. 
Given the current network configuration of the micro-triangulation, tracking some 
marks may not be covered under favorable angles, negatively influencing accuracy of 
determination, or their determination. 
In general, accuracies of determination are close to those imposed by UCC 
methodology and specifications for the design, execution and processing displacement 
measurements on existing buildings in the hydro. 
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